250-ml baffled flasks (with a medium-to-flask volume ratio of 1:5) at 37ЊC in an incubator (Memmert, Schwabach, Germany). The flasks were agitated with an orbital shaker (B. Braun, Melsungen, Germany).
The media which we used were based on media described by Levine et al. (13) and Jensen et al. (11) (Table 1 ). The pH of each medium was adjusted to 7.0 by adding 4 N NaOH.
Biomass concentration. During culture, the biomass concentration was determined by measuring the A 600 with a model 6030 colorimeter (Jenway, Ltd., Felsted Dunmow, England).
Exoprotease activity determinations. Before exoprotease activities in culture supernatants were determined, samples were sterilized by using 0.2-m-pore-size filters (Minisart; Sartorius, Palaiseau, France). Exoprotease activity was determined by an azocasein test. A 100-l sample, 50 l of an azocasein solution (0.2 g/liter in water), and 20 l of 250 mM Tris-HCl (pH 7.5) were incubated 2 h at 37ЊC. Azocasein cleavage was then stopped by precipitating the proteins with 150 l of 10% (wt/ vol) trichloroacetic acid. After 5 min, samples were centrifuged for 5 min at 9,000 ϫ g, and 120-l portions of supernatants were transferred to microtitration plates. A 405 was determined with a microplate reader after 150 l of 1 N NaOH was added. Tris and azocasein were purchased from E. Merck AG, Darmstadt, Germany, and trichloroacetic acid was purchased from Sigma Chemical Co., St. Louis, Mo.
Comparison of the attenuated strain and the clinical strain. Strain Wh6068 and the clinical strain were grown on synthetic medium 1 to compare their characteristics. The growth of the two microorganisms was quite similar (Fig. 1A ). In contrast, there was a significant difference between the exoprotease activities of the two strains (Fig. 1B) . Wh6068 exhibited lower activity, which presumably was linked to its lower pathogenicity (4) . As the purpose of this study was to characterize exoproteases, all additional studies were performed with the clinical strain.
Influence of CaCl 2 , ZnCl 2 , FeSO 4 , and MgSO 4 on growth and exoprotease activity. Levine et al. (13) reported that B. pseudomallei was able to grow on a very simple medium. However, a culture grown in medium 2 exhibited a very low level of protease activity (data not shown). Since this medium had a low MgSO 4 concentration and did not contain CaCl 2 , ZnCl 2 , or NaCl, we concluded that one of these salts was responsible for the high level of protease activity observed during growth on medium 1. Therefore, media 3 to 7 were used to evaluate the effect of each salt.
All of the components studied except FeSO 4 had no effect on growth (Fig. 2A) ; these results agree with those of Yang et al. (20) . Iron depletion totally inhibited growth, as expected since iron is an essential bacterial growth factor. Bacteria grown on other media had a clear exponential growth phase.
Exoprotease activity was detected only when we used media containing CaCl 2 or ZnCl 2 (Fig. 2B ). Significant enhancement of the protease production rate was observed at the beginning of the stationary growth phase when ZnCl 2 was present (medium 5).
Influence of various concentrations of FeSO 4 on growth and exoprotease activity. A set of cultures was grown with two 
FIG. 2. Effects of various components on B. pseudomallei growth (A)
and exoprotease activity (B) in medium 2 (E), medium 3 (F), medium 4 (É), medium 5 (ç), medium 6 (ᮀ), and medium 7 (s). See Table 1 other iron concentrations (0.3 ϫ 10 Ϫ3 and 2 ϫ 10 Ϫ3 g/liter) in order to determine the quantitative effect of Fe on exoprotease production. At the same time, the influence of zinc at high and low iron concentrations was studied to evaluate possible interactions between the two salts ( Table 2 , media 8 to 11).
The FeSO 4 concentration had no effect on either growth or exoprotease activity (Fig. 3) . The requirement of zinc for exoprotease secretion was confirmed since the presence of zinc induced maximal activity at high and low iron concentrations, suggesting that there was no interaction between the two cations.
The proteolytic activities of supernatants obtained from cultures grown without zinc were assayed with and without ZnCl 2 added to samples (final concentration, 1.2 ϫ 10 Ϫ3 g/liter), and no significant activities were detected, even when the samples were incubated with zinc for 1 h at 37ЊC before the assay (data not shown). This suggests that zinc does not increase the level of exoprotease activity by an enzymic mechanism but plays a metabolic role and is needed during growth to induce significant protease production. It is possible that when there were nutritional limitations at the end of the growth phase, B. pseudomallei turned its metabolism to protease production in order to assure its survival. If this occurred, Zn 2ϩ ions would be required to ensure this metabolic modification. The exact mechanism of Zn 2ϩ action on exoprotease production is still not known, but our results are consistent with those of Sexton et al. (17) , who recently purified an exoprotease thought to be a zinc metalloenzyme from B. pseudomallei. Thus, Zn 2ϩ should be present during protein biosynthesis to be incorporated at the active site of the enzyme.
In this paper we describe the results of a preliminary study of optimal culture conditions that result in high levels of exoprotease production. The effect of Zn 2ϩ should be investigated further. Similarly, the role of CaCl 2 should be determined.
Other medium components should be tested in order to optimize B. pseudomallei growth and protease secretion, and new media that direct organism metabolism toward exotoxin synthesis should be studied by the same methods. FIG. 3 . Effects of zinc and iron on exoprotease activity in medium 8 (E), medium 9 (F), medium 10 (É), and medium 11 (ç). The growth curves were the same, so only the growth curve obtained with medium 8 is shown (dashed line). See Table 2 for the composition of media. 
